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Section 1of 4 

1. Overview 


1.1 Principle 


A gas sample is extracted from the source. 

-
Moisture is removed from the sample stream and 

determined either volumetrically or . 

gravimetrically. 


1.2 Applicability 


This method accurat,ely determines moisture 


content needed to calculate emission data. 


Alternate means may be used to approximate 


percent moisture in setting isokinetic sampling 


rates prior to a pollutant emission measurement. 


run.. These include drying tubes, wet bulb-dry 

bulb techniques, condensation techniques, 


stoichiometric calculations, and previous source 


testing data. 


4.1-1 




Method 4 . 1  is conducted simultaneously w i t h  a 

pollu&t emission measurement run. Calculation 

of percent i sok ine t i c  emission r a t e  f o r  the run 

must be based on the r e s u l t s  of this method 

ra the r  than  an approximation method. 

This method w i l l  l i k e l y  y i e ld  inaccurate r e s u l t s  ' 

when applied t o  sa tu ra ted  gas s t r e a m s o r  gas  

streams t h a t  contain l a rge  quan t i t i e s  of water 

droplets.  

Alternat ively,  with t h e  approval of the Executive 

Officer,  any system may be used t h a t  cools the  . 

sample gas  stream and allows measurement of both 

t he  water that ba s  been condensed and the 

moisture leaving t he  t r a i n ,  each t o  within 1m l  

o r  1g. 

A c c e p t a b l e  m e d n s  involve measuring the condensed 

water, e i t h e r  gravimetr ical ly  o r  volumetrically, 

and measuring moisture leaving the t r a i n  by (1) 

monitoring the temperature and pressure a t  the 

e x i t  of the condenser and using Dalton's Law of 

P a r t i a l  Pressures, or (2)  passing t h e  sample gas 

stream through a t a r e d  s i l i c a  ge l  ( o r  equivalent 

desiccant)  t r ap ,  -withexi t  gases kept below 1 5 O ~  

( 6 0 O ~ ), and determining the weight gain. 



DETERMINATION OF MOISTORE CONTENT IN ST?iCX GASES 

Section 2 of 4 

2. Fie ld  Procedures 

2.1 Sampling Apparatus 

A schematic of the sampling t r a i n  is shown i n  

Figure 4.1-1. A l l  components'should be 

maintained and calibrated according t o  the 

procedure out l ined i n  Method 5.1. 

2 - 1 - 1  Sampling Train 

a. Probe 

The probe is constructed of 

s t a in l e s s  steel o r  glass tubing. 

.When stack conditions permit, other 

metals o r  p l a s t i c  tubing may be 

used, subject  t o  the approval of 

Executive Officer. 



b. Impinger Train 


The train consists of four 


impingers connected in series with 


ground leak-free fittings or any 


similar leak-free'non-contaminating 


fittings. The first and second 


impingers must be of 'Greenburg- 


Smith design with the standard tip. 


The third and fourth impingers. must 


Greenburg-Smith design 


modified by cutting the insert so 


the tube end is 14 nur(.0.5 in.) 

above the bottom of the fiask. 


Materials other than glass, or 


flexible vacuum lines to connect 


the probe and impingers, are 


acceptable modifications. If 


desired, use a backup filter 


between the last impinger and the 


pump to prevent any accidental 


suction of silica gel into the 


Pump -



c. Cooling System 

This system is an ice bath 

container and dry ice p e l l e t s  i n  

water o r  crushed ice. 

d. Metering System 

This system includes a vacuum 

gauge, leak-free pump, thermometer 

capable of measuring temperature t o  

within ~ O C(5. OF) , dry gas m e t e r  

capable of measuring volume t o  

within 2 percent, and re la ted  

equipment as  shown i n  Figure 4.1-1, 

Other metering systems capable. of 

maintaining a constant sampling 

r a t e  and determining sample gas  

volume may be used, subject t o  t h e  

'approval of t h e  Executive Officer ,  

2.1.2 Barometer 

A mercury, aneroid, o r  o ther  barometer 

capable of measuring atmospheric 

pressure t o  within 2 -5  mm (0.1 in.  ) Hg 



is used. The barometric readings may be 

obtained from a nearby National Weather 

Service s t a t i on .  Request t he  s ta t ion  

value (which is the absolute barometric 

pressure) and adjus t  f o r  elevat ion 

difference between the NWS s t a t i o n  and 

t h e  sampling-point a t  the r a t e  of minus 

2 . 5  mm (0.1 in . )  Hg per 30 m - ( I00  f t )  

elevation increase,  o r  p lus  the'same 

adjustment f o r  elevation decrease. 

2.1.3 Graduated Cylinder and/or Balance 

These a re  used t o  measure condensed 

water and moisture caught i n  t h e  s i l i c a  

ge l  t o  within 1m l  o r  0.5 g. Graduated 

cylinders should have subdivisions no 

greater  than 2 m l  and tolerance l i m i t s  

of + 1percent. Most laboratory 

balances a r e  capable of weighing t o  the 

nearest  0.5 g o r  less. Such balances 

a r e  sui table  here. 

2 - 2  Procedure 

This procedure is wr i t t en  fo r  an impinger t r a in  

incorporating volumetric analysis t o  measure the 



condensed moisture, and f o r  silica gel and 

gravimetric analysis t o  measure the moisture 

leaving t h e  dry impinger. 

The sampling point i n  the  s tack  should be either. 

a t  the center of t h e  cross sect ion o r  a t  a point 

no closer t o  the walls than 1.00 m (3.3 f t ) ,  

unless the stack vents more t@an.one,source o r  

dilution a i r  is introduced j u s t  before the 

sampling location. In  these cases, use aminimum 

of eight traverse points f o r  c i r cu l a r  s tacks,  a 

minimum of nine points  fo r  rectangular s tacks 

having equivalent diameters less than 61 cm (24 

in . ) ,  and a minimum of twelve t raverse  points  i n  

a11 other .cases. 

Locate the  traverse points ( i f  required) 

according t o  Method 1.1. The use of fewer points 

is s u b j e c t  t o  the apprsval of the Executive 

Officer. Select a probe and probe length 

sui table f o r  sahpling a l l  t raverse  points. For 

large stacks,  consider sampling from opposite 

sides of the stack (four sampling p o r t s ) ,  t o  

permit shorter probe lengths. 



' 

Mark t h e  probe with hea t - res is tan t  tape o r *  o ther  

method t o  ind ica te  the probe dis tance i n t o  the 

stack o r  duct f o r  each  sampling point .  

Determine a t o t a l  sampling t ime t o  c o l l e c t  a 

minimum t o t a l  gas volume of 0.60 scm (21 s c f )  a t  

a r a t e  no g r ea t e r  t h a n  0.021 m3/min (0.75 

ft3/min). When both moisture content and 

pol lu tant  emission rate a r e  t o  be measured, t h e  

moisture determination must be simultaneous with, 

and f o r  the same t o t a l  length of t i m e  as, t h e  

pol lu tant  emission rate run unless moisture .' 

var ies  less than  2 percent  over t i m e .  

Se t  up the sampling equipment a s  shown i n  Figure 

4.1-1 (see Sec t i on  3 f o r  t r a i n  assembly) . . Place 

dry ice p e l l e t s  i n  the water of t h e  ice bath 

container. Perform a leak check before and a f t e r  

each test, Plug t h e  probe and draw a 380 mm (15 

in , )  Hg vacuum; a lesser vacuum may be used i f  it 

is not  exceeded dur ing  t h e  test. A leakage r a t e  

i n  excess of e i t h e r  4 percent of t h e  average 

sampling r a t e  o r  0.0007 m3/iin (0.02 ft3/min) is 

unacceptable. 

During the sample run, maintain a sampling r a t e  

within 10,percent of  constant r a t e  unless  t h e  



s t ack  flow r a t e  changes by more than 20 percent, 

i n  which case  the sample rate should be changed 

i n  proportion t o  t h e  s tack  flow r a t e  change, . For 

each run record t h e  data  required on the example 

da ta  shee t  shown i n  Figure 4.1-2. Be su re  t o  

record the dry gas m e t e r  reading a t  the beginning 

and end of each sampling t i m e  increment. and 

whenever sampling' is halted.  Take other  

appropriate  readings a t  each sample point  a t  

l e a s t  once during each t i m e  increment, 

To begin sampling, posi t ion the probe t i p  a t  t he  

f i r s t  t r ave r s e  point ,  Immediately s t a r t  t he  pump 

and ad jus t  flow t o  t h e  desired ra te ,  Traverse 

the cross  sec t ion  ( i f  required) ,  sampling a t  each 

t r ave r s e  point  f o r  an equal length of t i m e .  Add 

more dry ice p e l l e t s ,  if necessary, t o  maintain a 

temperature below 15O~.  (60O~)a t  the s i l i c a  gel. 

o u t l e t ,  

Af ter  co l l e c t i ng  the sample, conduct a leak check 

(mandatory) a s  described i n  Section 2.2.5, 

Record the leak ra te .  If the leakage rate 

exceeds the allowable r a t e ,  the tester must 

e i t h e r  reject the test r e s u l t s  o r  correct  the  

sample volume, a s  described i n  Chapter X. 

Conduct a gas  volume m e t e r  check a s  described i n  



Method 5.1, Section 2.4 (mandatory). Measure the 


amount of condensed moisture as described in 


Section 3, Laboratory Procedures. Calculate the 


percentage moisture as described in Section 4, 


Engineering Calculations. 


2.3 Calibration 


Refer to Chapter 111. 




mTHOD 4.1  

DETERHINATION OF MOISTURE CO- IN STACK GASES 

Section 3 of 4 

3. Laboratory Procedures 

3.1 Apparatus 


3.1.1 Sampling Train 


see Section 2 .1.1. 

3.1.2 Graduated Cylinder and/or Balance 


See Section 2. 1.3. 


3 -2 Reagents 


a. Silica gel 


Indicating-type, 6 to 16 mesh. Fresh or 


dried at 1 7 5 ~ ~ 
for 2 hours. 




b. Water 


Deionized, distilled water to conform to ASTM 


specification D-1193-Type 3. 


At the option of the chemist, the KELn04 test 


for oxidizable organic matter may be , 

eliminated when high concentrations of 


organic matter are not expected to be 


present. Reference to water throughout this 


method implies deionized, distilled water. 


c. Stopcock Grease 


d. Crushed Ice or Dry Ice Pellets 


3.3 Pretest Preparation 


No special pretest preparation is required. 


3.4 Preparation of Sample Collection Train 


Assemble the impingers as shown in Figure 4.1-1. 


Load the first two impingers with exactly 100 m l  

of water each. Leave the third impinger empty. 


Place about 200 g of silica gel in the fourth 


impinger and record its weight to the nearest 




0.5 g. For volumetric analysis, the impingers may 


be connected at this point and the tra'in sealed 


at both ends. For gravimetric analysis, weigh 


each impinger plus its contents to the nearest 


0.5 g and record the weights. Connect the 


impingers and seal the train. . 

3.5 Leak Check 


If preferred, perform leak check in the 


lab'oratory following the procedure outlined in 


- Section 2.2. 

3.6 Sample Recovery 


Inspect the train for general condition. Note if 


the silica gel is completely expended and if the 


train or its components are sealed. Shake any 


condensed moisture from the probe and impinger 


connectors into the impingers. 


3.7' Analysis . 

For volumetric analysis, carefully pour the 


impinger catches into a suitably sized graduated 


cylinder; measure and record the volume to the 


nearest ml. Weigh the last impinger plus 




contents ( s i l i c a  gel )  t o  the  nearest  gram and 

record. For gravimetric determination, weigh 

each impinger plus its contents t o  the nearest  

0.5 g and record the  weights. 

3.8 Calculations 

Subtract 200 m l  i n i t i a l  volume from t h e  

volumetric measurement t o  obtain impinger gain i n  

m l .  Subtract impinger t a r e  weights from t h e  

received weights t o  obtain impinger gain i n  

grams. Subtract the  s i l i c a  ge l  t a r e  weights from 

received weight t o  obtain silica gel gain i n  

grams. .Report the t o t a l  impinger gain and the 

s i l i c a  gel  gain t o  t h e  nearest g or  m l .  Also 

report  i f  the s i l i c a  gel  was expended. 

3.9 Calibrations 

Check balance cal ibrat ion against  HBS t raceable  

weights. Balance must be accurate and repeatable 

t o  0.5 g. U s e  graduated cylinders with 

.subdivisions no greater  than 2 m l  and tolerance 

l i m i t s  of 1 percent f o r  volumetric analysis.  



-OD 4.1 


DETERHIHATION OF MOISTDRE COXlTBNT IN STACX GASES 

Section 4 of 4 


4, Engineering Calculations 


Perform the following calculations, retaining a t  l eas t  

one decimal figure beyond that of the acquired data. 

Round o f f  figures after final calculation, . 

4 . 1  Nomenclature: 

= Water percent 

= Barometric pressure, in  H g  

= Absolute pressure a t  the gas 

meter, in ,  H g  

= Orifice pressure, in .  H20 ( i f  

used) '. 

= D r y  gas volume metered, corrected 

t o  standard conditions, dscf 



= Dry gas volume metered, dcf 

= Meter correction factor ( no 

units) 


Tm = Absolute temperature at meter, ?R 

= Volume of total water caught, 
%td -

corrected to standard conditions, 


scf 


V1~(Vc+Vs) = Volume of total water in the 

train., ml 


= Volume of water condensed, m l  

vs = Volume of water absorbed by silica 

gel, m l  

N o t e :  If the post test leak rate (Section 2.2) 

exceeds the allowable rate, correct the value of 


V, as described in Chapter ,X. 

4.2 calculations 


Perform the calculation shown on the Repolrting 


Sheet (Figure 4.1-3). 




Table 4.1-1 

Temperature-Moisture Relation 


Temp. % Temp. 
OF H2O OF 

50 1 . 2  130 


60 1 . 7  140 


70 2 . 5  150 


60 3 . 5  155 




Stack Wall I. Filter for Pump 
Probe 9 .  Metering Valve 
Impinger with 100 d of KzO 10. Vacuum Gauge 
Empty Bubbler 1 1 .  By-pass Valve 
Bubbler with Si l ica  Gel 12. Temperature Compensated 
Ice Bath Dry Gas Xeter 
Sealed Punp (Leak Free) 

Figure 4.1-1 

Impingement Train For Moisture 



-------- 

Test No. 

La2atim 

tASvEuxmraAT~ 

~fc-testVelocity Leak Oaelr Port-Test Velocity Leak Check 

Static Pressure in  stack %gA ( + I - Q2Q) C n ~ e r . ~ )  1 I 
Ba-tric Pressure..... "asrr Pftot Factor.. ,.,....... . .... 
Recorded By 

Calibration Data 
Indined w t e r  
Hagnehelic No. (Cal: 
Pitot Tube No. (Gal: 
Potenticwerer l o .  Dlmeapiona 
Zbermocouple No.  

-. 

t 
Figure 4 . 1 - 2  

Gas Veloci ty  Data Sheet 



HL)fSTURE CONTBNT CALCOLBTION SHEET 

Metered Meter Temp - Pressure 
Tine (V,) ft3 (T,) OF ,. (AP),in. H20 

SAMPLING LOCATION 


Ambient conditions OF in- Hg 

Assume 1 g H20 = 1 m l  H20 

A. G a s  Volume Metered 'v%ta' 

= y .  - (17.38) ( ) ( ')= dscf
VJ%td 29.92 in'. Hg Tm 


where: 

+ (~P/13.6)= ( ) + (-) = in. Hg
pma = 'bar 13.6 

B. Volume of Rater Condensed (Vwsta ) . 

= (0.0464 f t 3 /m1)  (vl) = .(0.0464) ( ) = scf%td 


C. Moisture in Stack G a s  (Bw) 

Figure 4 .1-3 
Reporting and Calculation Sheet for Moisture Content 




D. If calculated moisture contemt is greater than a t  
saturation tsrmperature (8.g. 212% or below) use the 
Table 4.1-1 for moisture cont€t.nt. 

Figure 4-1-3 (Cont,) 


'Reporting and Calculation Sheet for Moisture Content 
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